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[57] _ ABSTRACT

The invention relates to a spectral fluorometer arrange-
ment including a laser light source, particularly for use
in measuring the luminescence in the course of a qualita-
tive and quantitative determination of a sample mate-
rial, comprising a beam splitter inserted between said
laser light source and a tunable dyestuff laser, at least
one collective lens and grey wedge arranged in each of
the two beams resulting after said beam splitter, beam
fusing means for fusing both beams and positioning the
latter in a sample material to be excited. By virtue of the
invention a plurality of laser beams can be superim-
posed in the sample material and can be time correlated.

4 Claims, 3 Drawing Figures
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1
SPECTRAFLUOROMETER ARRANGEMENT

The invention relates to a spectral fluorometer in-

cluding a laser light-source, particularly for use in mea-
suring the luminescence for a qualitative and quantita-
tive determination of a sample material.

Luminescence measurements are of particular advan-
~ tage when small quantities of sample materials are in-
vestigated with respect to their photophysical and pho-
tochemical properties of electronically excited atoms
and molecules, respectively.

For luminescence measurements spectral fluorome-
ters are used, where a radiation source of a considerably
wide spectral continuum, such as a xenon lamp, is im-
aged into the entry slit of an excitation monochromator.

The monochromatic light resulting in the exit slit is
focused into a sample through a respective lens, thus a
sample material is excited in the consequence of which
a luminescence results. |

The luminescent light is generally focused via further
lenses into the entry slit of an emission monochromator
under a right angle to the excitation light.

A photodetector arranged subsequent to the exit slit
of the arrangement evaluates the radiation.

In a further known arrangement a Nj-laser pumps a
dyestuff laser, the beam from the latter directly excites
the sample. It is also feasible to double the frequency by
inserting a KDP crystal. -

The luminescent light from the sample is focused
under a right angle relative to the exciting light into the
entry slit of an emission monochromator via lenses. A

photodetector is arranged subsequent to the exit slit of

the monochromator.

Such an arrangement is disadvantageous when con-
siderably high absorbing sample material is investi-
gated. The path of beams has to be varied since the
excitation of the sample material and the measuring of
the luminescence has to be carried out from the same
side. The latter is also referred to as incident light mea-
surements.

The previous arrangement does not permit a time
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correlated excitation through light from two different |

light sources and of different wavelengths, either.

Furthermore, a simultaneous measurement of the
absorption of the sample material is not feasible. Thus,
the previous art does not permit to employ lumines-
cence and absorption spectroscopy in a staged excita-
tion procedure.

This, however, is very often necessary since multifold
qualitative and quantitative informations about a sample
material under examination are very often required
apart from the fact that such an excitation procedure
produces fluorescent levels with a number of materials
which cannot be obtained from the ground level.

It is an object of the present invention to obviate the
above disadvantages.

It is a further object of the present invention to pro-
vide an arrangement for investigating sample materials
which permits a staged and time correlated excitation of
said materials and a simultaneous measurement of both,
the absorption and the luminescence under incident
light and under right angles, that is, between the excit-
ing light and the excited light. .

It is still a further object of the invention to provide a
spectral fluorometer arrangement which permits an
excitation of a sample material by a plurality of laser
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beams which impinge thereupon from different direc-
tions and which are time correlated. |
These and other objects are realised in a spectral

fluorometer arrangement including a laser light source

and a tunable dyestuff laser being pumped by said laser
light source, optical directing means for focussing the
laser beam into a sample material and means for analy-
sing the radiation emitted from said sample material
excited by said dyestuff laser beam.

The arrangement further includes a beam splitter
inserted into a path of beams between said laser light

source and said dyestuff laser for splitting the light

beam into a first and a second beam. |

At least one lens and at least one grey wedge are
inserted into said first and said second beam; further-
more, beam fusing means are provided in said first and

said second beam in the vicinity of said sample material

for equally positioning both beams in the sample mate-

‘rial to be excited.
20 .

The means for analysing the sample material are an
emission monochromator and an emission spectro-
graph, respectively. Advantageously, the beam splitting
means is constituted of a rhomboid and a right angle
prism. Two of the parallel faces of said rhomboid are
substantially at right angles to the incident light beam
and the partially reflecting hypotenuse face of said right
angle prism being inclined relative to said incident light
beam by substantially 45°. The partially reflecting hy-
potenuse face is substantially in parallel to the two other
parallel faces of said rhomboid and in close contact with

one of said two other parallel faces.

The incident light beam is both transmitted through
said partially reflecting hypotenuse face and reflected to
the face of the rhomboid which is in spaced parallel
relation to said hypotenuse face where it is reflected in
parallel to the transmitted portion.

The dyestuff laser beam after excitation through the
transmitted beam portion and the reflected beam por-
tion are supenmposed by the beam fusing means in the
sample region to be analysed

Said beam fusing means is constituted in analogy to
said beam splitting means, however, in mirror symmet-
rical spaced relation to the latter.

The dyestuff laser beam is reflected at the partially
reflecting face of said beam fusing means inclined by
about 45° degree relative to the incident beam, and the
reflected beam portion is deviated at a face in parallel to
said partially reflecting face of said beam fusing means
transmitted by the latter face to impinge upon the sam-
ple. It is advantageous to embody the partially reflect-
ing inclined face of said beam fusing means as an air gap
which is provided at the place of the reflection and
which is included in and between the rhomboid on the
one hand and the hypotenuse face of the right angle
prism on the other hand, said rhomboid and said hypot-
enuse face forming a close contact face except for the
air gap inclusion. |

The reflected beam portion is deviated at the rhom-
boid face which is in parallel to the air gap inclusion and
is transmitted through the close contact face. -

It is a further advantage when an optically controlla-
ble delay means is inserted between the beam splitting
means and the beam fusing means into one of the two
beams in order to control the time correlation between
the Nz-laser and the tunable dyestuff laser. |

In order to obtain a shortwave excitation of the sam-
ple material a suitable crystal for optical frequency
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doubling 1s inserted between the dyestuff laser and the
beam fusing means into the respective beam.

By virtue of the inventional spectralfluorometer ar-
rangement a considerably sensitive measurement of
both, luminescence and absorption is feasible in a simple
and staged excitation. The time correlation is adjustable
as desired. The luminescence measurement is feasible in
incident hight as well as at right angles, which permits
the measurement of a fluorescence polarisation.

The required mechanical changeovers of the measur-
ing arrangement are easy to handle.

In order that the invention may be more readily un-
derstood reference is made to the accompanying draw-
ings which illustrate diagrammatically and by way of
example two embodiments thereof and where

FIG. 1 is a schematical side view of a spectral fluor-
ometer arrangement,

FIG. 2 is a schematical top view of the spectral fluor-
ometer arrangement of FIG. 1, and

FIG. 3 an embodiment of a beam fusing means of the
spectral fluorometer arrangement.

In FIG. 1 a laser light source 1, for example, a Nalaser
emits 2 beam L in which a beam splitting means 22 is
inserted followed by a dyestuff laser 2, a collective lens

3, a grey wedge 12 and deviating means 6 and 17, re-

spectively, which laterally displace and direct a laser
beam R upon an object point 25 of a sample material 4,
after passage through an opening 7' (FIG. 2) of a con-
cave grating 7 belonging to an emission monochroma-
tor and an aperture 8 for the luminescence light. A
measuring arrangement for measuring the luminescence
excited in the sample material 25 comprises the aperture
8, the holographic concave grating 7, a deviating reflec-
tor 11, an aperture 9, and a photodetector 10.

In operation, the laser light source 1 produces a laser
beam L which 1s directed upon the beam splitter 22
which splits the laser beam L into a first portion I." and
a second portion L.

About 10 percent of the radiation is coupled out of
the laser beam L by the beam splitter 22.

The first portion L' pumps the tunable dyestuff laser
2 which emits a laser radiation R.

The latter is focussed by the collective lens 3 upon
the sample 25 after passage through the grey wedge 12
and the deviating means 6 and 17 which laterally dis-
place the laser radiation R, which passes the opening 7’
in the center of the concave grating 7 which is part of an
emission monochromator and after passage through the
aperture 8 impinges upon a definite range (object point)
25 of the sample material 4 and excites the latter to emit
a luminescence which, in reverse direction to R passes
the aperture 8 and 1mpinges upon the holographic grat-
ing 7. The aperture 8 and the grating 7 define an open-
ing ratio of 1:3 for the indication of the luminescence.

Depending on the inclination of the grating 7 relative
to the incident luminescence radiation the luminescence
light of a definite wavelength 1s reflected at the grating
7 to the reflector 11 which directs the luminescence
light upon the exit slit of the detector 10.

The desired wavelength 1n the exit slit 9 1s produced
by rotating the grating 7 about an axis of rotation X, the
rotational movement is actuated by not shown means in
the direction indicated by a double arrow A by a re-
spective position of the object point 25 of the grating 7
relative to the position of an image point 9° in the exit
slit 9, which ensures that the astigmatism in the exit slit
9 1s low and the spectral resolution considerably high
over a wide spectral range.
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The holographic grating 7 is provided with layers

which permit a wavelength variation when the grating
1s respectively rotated.

In FIG. 2 the fluorometer of FIG. 1 is shown in top
view. The laser light source 1 produces the laser beam
L which is split by a partially reflective layer 135 of the
beam splitting means 22.

The latter i1s composed of a rhomboid 14 and a right
angle prism 29, two parallel faces of said rhomboid 14
are substantially at right angles to the incident laser
beam L, whereas the partially reflective layer 15 which
is inclined relative to the beam L by substantially 45° is
both, the hypotenuse face of the right angle prism 29
and the one of the two other parallel faces of said rhom-
boid, the other face 26.of said two other parallel faces is
a reflective one. The laser beam L is split into a first
portion which is transmitted through the face 15 and
pumps the dyestuff laser 2 to produce a laser radiation R
and 1nto a second portion L. which is deflected by said
layer 15 and impinges upon the face 26 where it is again
reflected and leaves the beam splitting means 22 in par-
allel but spaced relation to said first portion R to be
focused by a collective lens and a grey wedge 13 and
deviated by a reflective face 27 of a beam fusing means
23 and the deviating reflector 6 upon the object point 25
of the sample material 4.

The beam fusing means 23 is constituted in analogy to
the beam splitting means 22 of a rhomboid 16 and a right
angle prism 30 which are arranged in analogy, how-
ever, mirror symmetrical relation to the beam splitting
means 22 in both, the second portion L of the laser beam
and in the dyestuff laser radiation R.

Hence, the partially reflective layer 17 is transmissive
to the laser radiation L from the N»-laser but reflective
to the dyestuff laser radiation R. Thus, the second por-
tion of the radiation L and the radiation R are equally
positioned after the layer 17. The beam fusing means 23
is shown in dashed lines inserted into the beams L and R
to indicate that it is removable from out of the dashed
lines position into the heavy line position by a displace-
ment means 17, the directions of movement being indi-
cated by a double arrow B. When the beam fusing
means 23 is removed from out of the beams L. and R, the
laser beam R impinges upon a partially reflecting layer
19 which is inclined relative to the beam R by an angle
of 45° and which belongs to a beam fusing means 24
constituted in analogy to the beam fusing means 23 but
positioned adjacent the sample material 4.

The dyestuff laser beam R is folded about 90° at said
layer 19 and directed into the sample material 4. The
partially reflecting layer 19 is reflective to the wave-
lengths of the radiation R emitted from the dyestuff
laser 2 and transmissive to the Ns-laser radiation L.

The latter impinges upon a reflecting face 28 (in anaf-
ogy to the face 27 of the beam fusing means 23) of the
beam fusing means 24 and is reflected at right angles
through the layer 19 to impinge upon the object point
25 of the sample material 4. After the layer 19 both
radiations L. and R substantially coincide.

The sample material 4 i1s excited at right angles to the
measuring direction of the luminescence light emitted
from the sample 4, that is, the exciting radiations R and
L and the luminescence light include a right angle at the
place of the sample 4.

Since the Nj-laser is a pulsed laser, it is feasible to
vary the time relation between both laser beam pulses R
and L by inserting optical delay means into one of the
two laser beams.
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It is also feasible to obtain a frequency doubling by
inserting a KDP-crystal into the laser beam R subse-
quently to the dyestuff laser 2.

In order to perform an absorption measurement of
the sample material 4 a collective lens 20 is arranged
subsequent to the sample material 4 in the focus of
which a detector 21 is arranged.

In FIG. 3 a beam fusing means 36 is shown which

~ does not require expensive layer materials as in the
event of the beam fusing means 23 and 24. The beam
fusing means is constituted of a rhomboid prism 37 and
a right angle prism 36.

The opposing faces 33 and 34 are not parallel but
include an acute angle which is so selected that the laser
beams R and L intersect in the object point 25 of the
sample 4.

The hypotenuse face of the rlght angle prism 36 and
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one face of the rhomboid 33 are in close contact except

for a portion which is occupied by an inbetween air gap
35. In operation, the dyestuff laser beam R enters the
right angle prism portion 36 of the beam fusing means
and 1s reflected at the air gap 35 to impinge upon the
sample material 4 non-parallel to the laser beam L
which 1s reflected at the face 34 and transmitted
through the hypotenuse face 33 to impinge upon the
sample 4, where the beams R and L intersect m the
object point 25 of the sample material 4.

We claim:

1. A spectral fluorometer arrangement for the qualita-
tive and quantitative determination of a luminescence
radiation emitted from a sample material,

comprising in mutual optical alignment,

a laser for emitting a first laser beam,

a beam splitter including a first partially reflective,

partially transmissive beam splitting face arranged in

and inclined relative to said laser beam by substan-

tially 45°,

sald beam splitter having a further inclined and
reflective face in spaced substantially parallel
relation to said first beam splitting face,

said beam splitter being for splitting said laser beam
into a first beam portion and into a second beam
portion,

a dyestuff laser,

at least one first optical beam focusing means,

at least one second beam focusing means,

first and second beam intensity controling means,

a first beam fusing and deviating means,

a second beam fusing and deviating means,

said first beam portion being for pulsing said dye-
stuff laser,
said dyestuff laser being for producing a second
laser beam, |
said beam splitting face and said further reflective
face being for directing said second beam portion
in parallel to said second laser beam,
said first beam focusing means and said second
beam focusing means, and said first and said
second beam intensity controling means being
arranged in satd second laser beam and in said
second beam portion, respectively,
a wavelength variation means having a central
opening, and
an axis of rotation,
said axis of rotation being horizontal and at right
angles to said first laser beam,
a sample material to be analysed,
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a beam directing means,

a first detector means,

a second detector means,

a means for displacing said first beam fusing and
deviating means into and out of, respectively,
said second laser beam and said second beam
portion,
said second beam fusmg and deviating means

being arranged subsequent to said first beam
fusing and deviating means and adjacent said
sample material, |

said first beam fusing and deviating means being
for fusing and directing said second laser beam
and said second beam portion through said
opening of said wavelength variation means
upon said sample material, said second beam
fusing and deviating means, when said first
beam fusing and deviating means being re-
moved from said second laser beam and said
second beam portion,

being for directing said second laser beam and
said second beam portion to said sample mate-
rial, |

said second laser beam and second beam portion
being for producing a first and a second lumi-
nescent radiation of said sample material,

said first and said second luminescent radiation
including a right angle,

saild wavelength variation means and said beam
directing means being for directing said first
luminescent radiation to said first detector
means,

said second detector means being arranged sub-
sequent to said sample material,

said second detector means being for detectmg
said second luminescent radiation from said
sample material.

2. A spectral fluorometer arrangement as claimed in
claim 1, wherein said second beam fusing and deviating
means has a partially transmissive and reflective face
inclined to said second laser beam by about 45°, and a
second reflective face in spaced parallel relation to said
partially transmissive and reflective face, said second
reflective face deviating said second beam portion by
substantially 90°, said partially reflective and transmis-
sive face deviating said second laser beam by substan-
tially 90° and transmitting the deviated second beam
portion, said second beam portion and said second laser
beam substantially coinciding in said sample material
subsequent to said partially reflective and transmissive
face.

3. A spectral fluorometer arrangement as claimed in
claim 2, wherein said partially reflective and transmis-
sive face is partially constituted of and entirely includ-
ing an oblong air gap extending along a portion of said
face, said air gap being reflective to said second laser
beam, the other part of said face being transmissive for
said second beam portion.

4. A spectral fluorometer arrangement as claimed in
claim 2, wherein said first beam fusing and deviating
means is constituted in analogy to said second beam
fusing and deviating means and further includes a beam
folding means arranged in said second laser beam and
said second beam portion between said first beam fusing
and deviating means and said wavelength wvariation
means, inclined by substantially 45° relative to said

second laser beam and said second beam portion.
* X %x *x %
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